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a wrist action shaker (Burrel, Pittsburgh. PA). The extract was filtered through Whatman GF/A glass fiber filters (Thomas Scientific, Swedeshoro. NJ) and dried under a stream of nitrogen. After the mass was recorded, the residue was dissolved at a concentration of I mglmL in hexane (with 0.01% BHT) for HPLC analysis.
HPLC Analyses of Tocopherols, Tocotrienols and Free Phytosterols
Tocopherols and tocotrienols were quantified using a modified version of the previously published method (Kramer et al 1997; Moreau et al 2007) . The HPLC used was a Hewlett Packard model 1100 with autosampler, and detection by an HP model 1100 fluorescence detector (Agilent Technologies. Avondale. PA) with excitation at 294 nm and emission at 326 rim. Free phytosterols were analyzed simultaneously using the same HPLC method using a Sedex 55 evaporative light scattering detector. The analyses were conducted with a LiChrosorb 5 Diol column. 3 x 100 mm (Varian, Lake Forest. CA) with a flow rate of 0.5 mL/min. The isocratic method employed a mobile phase of hexane/THF (970/30, vlv) . The minimum limits of quantitative detection of tocols (tocopherols and tocotrienols) was z 0.1 ng/injection and a standard curve was constructed with the four tocopherol isomers (obtained from Calbiochem) in the range of 1-200 ng/injection and this curve was used to quantify all tocopherols. The masses of the corresponding tocotrienols were calculated using the standard curve for the analogous tocopherol. The structures and retention times of the tocopherols and tocotrienols were confirmed by purchasing gelcap supplements of tocopherols (Bio E Gamma Plex, Soloray, Park City. UT) and tocotrienols (Tocopherol Complex. Sol-ar, Leonia. NJ) at a local vitamin store: a-tocopherol WT) (M + I = m/z 43 1.4), a-tocotrienol ((xT3) (M + I = m/z 425.3), 1-tocopherol (13T) and '-tocopherol (yT) (M + I = m/z 416.3), 3-tocotrienol (13T3) and y-tocotrienol (7T3) (M + I = mlz 411.2). -tocopherol (ST) (M + 1 = mlz 402.3). and -tocotrienol (T3) (M + I = mlz 397.1) were confirmed by LC-MS performed with an Agilent 1100 MSD equipped with an atmospheric pressure chemical ionization interface operated in the positive mode (drying gas at 6.0 L/min, nebulizer pressure at 60 psi, drying gas temperature at 350°C. vaporizer gas temperature at 325°C, capillary voltage at 4.000V, and corona current at 4.0 VA, and fragmentor at 80v). The masses of free phytosterols were calculated by injecting standards of soy sitosterol in the range of 1-10 pg, and the minimum limits of detection were zO.5 pg. Ash was quantified using Approved Method 08-01 (AACC International 2000) .
All experiments were performed at least twice, each time with triplicate samples extracted. One sample from each extraction was subjected to HPLC analysis. The data presented are means ± SD.
RESULTS AND DISCUSSION

Sieving Yields and Ash Content
In our previous scarification study, we reported fines yields of 11.96 ± 1.48Yi and 15.16 ± 0.39% after scarification of kernels of Doyce and Merlin, respectively, for 60 sec. In the current study. we observed lower yields of fines (6.6 and 8.2/. respectively) under the same conditions (Table 1 ). These differences may have been due to differences in the 2004 and 2005 crops of barley. In addition to the 60 sec of scarification, we also included a shorter-(20 see) scarification for comparison, which resulted in lower yields of fines (4.0 and 4.9%. for Doyce and Merlin, respectively). Visual observation of the fractions immediately revealed that the 25 fraction (that retained on the US #25 sieve, particle size 0.707-1.410 mm) appeared to consist almost entirely of the germ fragments of the barley kernel (Fig. I) . The germ (embryo) is located at the proximal end of the barley kernel and a fairly uniform chunk (or germ fragment) is apparently removed within the first 20 sec of scarification. Increasing the scarification time to 60 sec only increased the mass of this germ fraction by 10%, supporting the hypothesis that most of
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the germ fragments were removed in the first 20 sec. Other than slightly different particle sizes, the appearance of the three other sieving fractions was similar. Scarification and sieving of two hulled barley cultivars (Nomini and Thoroughbred) was also conducted, but all sieving fractions contained predominantly hull, and although germ particles were undoubtedly present, there were no visible large (l mm) germ fragments like those observed in the US #25 sieve fraction of the fines from the two hulless cultivars (Doyce and Merlin). In barley and other grains, ash is often used as a marker for the fiber-rich portions of the kernel including the pericarp and germ fractions (Yeung and Vasanthan 2001) . In our previous pearling report (Lampi et al 2004) , we reported that Doyce kernels contained 1.8% ash and the pearling fines fractions contained 3.9-4.0% ash, which is similar to the ash values that we observed in all of the sieving fractions (Table I ). Another group reported that when pearling hulless barley, the maximum levels of ash (7%) were observed in the fraction that corresponded to 20% degree of pearling (Yeung and Vasanthan 2001 ). In the current study, the ash values varied from 3.5 to 5.5% but there were no obvious trends in the amount of ash in the various sieve fractions.
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Tocols and Free Phytosterols in Scarification Fractions
As reported previously (Lampi et al 2004; Moreau et al 2007) , the scarification fines from both hulless cultivars were quite rich in oil, with oil yields of 8-10% (Table II) . With both cultivars, the oil yields were l% higher in fines from the 20-sec scarification than in the fines from the 60-sec scarification. The concentrations of free phytosterols in the fines oils had a range of 1.5-2.0 g/lOO g of oil, which was similar to the concentrations that we reported previously for oils from pearling and scarification fines (Lampi et al 2004; Moreau et a! 2007) . All four tocopherol isomers and all four tocotrienol isomers were detected in all of the fines fractions. For both cultivars, levels of total tocopherols were slightly higher (5-8%) in the oil obtained from the 60-sec scarification than in the oil from the 20-sec scarification. For both cultivars, levels of total tocotrienols were much higher (2-3 fold) in oil obtained from 60-sec scarification than in the oil from 20-sec scarification. The levels of total tocols in the oils from both scarification times were similar for both cultivars. The highest proportions of tocotrienols (%T3 = T3IT+T3) occurred in the oil obtained from the 60-sec scarification of Merlin kernels (52.69%).
Tocols and Free Phytosterols in Sieve Fractions
In the next set of experiments, four sieve fractions (Table I) were each extracted with hexane to obtain barley oil: the oil yields and tocol compositions were compared (Table III) . For both cultivars, the fraction with the largest particle size (0.717-1.410 mm) had the highest oil yields (11.2-12.0%). The oil yields of the three smaller particle-size fractions had a range of 6.9-8.4% for Doyce and 7.8-10.8% for Merlin. The concentrations of Table I for size range for each sieve size. 5 T. tocopherol: T3, tocotrienol. Table I for size range for each sieve size. 5 T. tocopherol: T3. tocotrienol.
TABLE III Tocols in Sieve Fractions of Doyce and Merlin Scarification Fines (continued)
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free phytosterols in the oils from the sieved fractions had a range of 1.1-2.0 g1100 g of oil, which was similar to the concentration range reported above for the oil from the total sieved fines. All four tocopherol isomers and all four tocotrienol isomers were detected in all of the lines fractions (except for the Doyce US #25 and US #50 fractions and the Merlin US #25 fractions, in which 6T3 was not detected). The levels of tocopherols were highest in the largest particle-size fraction and their proportion decreased in the fractions with decreasing particle size. In contrast, the levels of tocotrienols were very low in the largest particle-size fraction and increased in the fractions with decreasing particle sizes. With each of the four scarification fines fractions, the lowest proportions of tocotrienols (%T3 = T3IT+T3) occurred in the oils in the largest particle-size fraction and increased as particle size decreased. For both cultivars, the highest proportions of tocotrienols (%T3) were observed with the 60-sec scarification fraction and the two smaller particle-size subfractions (#70 and pan).
Tocols in Hand-Dissected Fractions
Our observation that the germ-enriched sieve fraction (US #25, which contained germ fragments) contained high levels of tocopherols and low levels of tocotrienols is consistent with the results reported by Falk et al (2004) , who prepared barley germ by handdissection and reported similar proportions of tocopherols and tocotrienols. As part of the current study, we hand-dissected (Fig. 2) two hulled (for germ, endosperm, and hull fractions) and two hulless barley cultivars (for germ and endosperm) and extracted and analyzed tocols in the resulting barley germ oil (Table IV) After hand-dissection of the two hulled barley cultivars (Fig. 2) , the mass ratios of the germ, endosperm, and hulls was 2.2-2.7, 86.6-90.5, and 6.2-10.8%. respectively (Table IV) . After handdissection of the two hulless cultivars, the mass ratios of the germ and endosperm were 2.5-3.7 and 96.3-97.5%, respectively. The oil yields from the hand-dissected germ fractions were very high (13.3-17.5%) for three of the four barley cultivars but were much lower (7.5%) for Thoroughbred, one of the hulled cultivars.
The oil yields for the hand-dissected endosperm fractions were 1.2-1.5% for three of the four barley cultivars, and again Thoroughbred oil yields were lowest (-0.5%). For the two hulled cultivars, the levels of oil in the hand-dissected hull fraction was 1.2 and 1.8% for Nomini and Thoroughbred. respectively. As observed with the germ fragments obtained by scarification-sieving (Table Ill) , the %T3 in the barley oil obtained from the germ fractions was extremely low (1.7-3.0) for all four barley cultivars ( Table IV) . Examination of the %T3 in the endosperm fractions revealed that the barley oils obtained from this fraction contained very high proportions of tocotrienols (83.2-91.6%). Examination of the %T3 in the oil obtained from the two hull fractions revealed that this fraction contained intermediate proportions of T3 (39.5-49.8%) .
Visual and chemical analyses indicated that our scarificationsieving process generates a fraction (US #25 sieve fraction) that consists primarily of zzl mm germ fragments ( Fig. I and Table  III ). These 7z l mm germ fragments appear to be generated during the initial 20 sec of scarification by breakage of the hulless kernels along a plane of fracture, which occurs z l mm from the tip of the hulless barley kernel (Fig. 2) . Other parameters were recorded to estimate the yield of germ in this fraction (Table V) . Based on the number of observed germ fragments in the US #25 fraction compared with the number of kernels placed in the scarifier, 39.8 and 72.3% of the number of particles were recovered in the US #25 fraction after 60 sec of scarification for Doyce and Merlin, respectively. However, if one compares the average mass of the germ fragment in the US #25 fraction with the average mass of the handdissected germ particles, it reveals that only 7z24 and 18% of the total germ mass was recovered in the US #25 fraction after 60 sec of scarification for Doyce and Merlin, respectively. These results indicate that although the US #25 fraction contains large fragments of germ, most of the mass (74-84%) of the germ particles is probably pulverized to smaller particle sizes and dispersed in the three smaller sieve fractions. This conclusion is supported by the observation that the plane of fracture of the z1 mm germ fragment during scarification represents removal of 20% of the germ from the kernel (Fig. 2 ). This conclusion is also supported by the observation that each of the samples of abraded kernels (Fig. I) indicated that all of the germ was removed during 60 sec of scarification and therefore would be localized in one or more of the sieved fractions.
The current study also confirms the previous report that barley germ contains very high levels of tocopherols and low levels of tocotrienols (Falk et at 2004) . It is our understanding that our current report is the first published report that has focused on the oil yields and tocol composition of a barley germ fraction that has been produced by a mechanical process. In addition to generating tocotnienol-rich fractions of barley by pearling, scarification, and sieving, others have reported an approach using roller milling (Wang et at 1993b) .
The levels of tocotrienols in the roller milling fractions were lower than those that were observed in our previous report (Moreau et at 2007) and in the present report. so it is difficult to compare the two approaches. A recent report examined lipid changes in stored milled hulless barley products but it did not include tocopherol or tocotrienols analyses and it focused on lipids in the pearled barley products and not the pearling fines (Fastnaught et at 2006) .
CONCLUSIONS
In our previous report. we noted that the levels of tocotrienols in barley oil were higher than previously reported and may be the highest of any known natural oil (Moreau et at 2007) . Although it is possible to obtain barley oil by extracting ground barley kernets, the low oil yields (2%) would make it a costly endeavor. The higher oil yields from pearling fines (5-7%) or scarifications 592 CEREAL CHEMISTRY fines (7-9%) may make the process economically feasible (Lampi et at 2004; Moreau et at 2007) . The results from the current study indicate that it may be possible to control the concentrations of tocophcrols and tocotrienols in barley oil by controlling the particle size of the feedstock used to extract the oil. In addition to continuing to explore the scarification/sieving approach used in the current study, we also intend to explore the use of roller milling and sieving as possible routes to obtain a cost-effective barley oil with optimal tocotrienol composition.
